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FIRST INVESTIGATION. 
Spans with the points of suspension on the same level. 


A 





1. Professor Leslie’s approximate equations are a8 fole 
lows viz. :— 


Let ~ AB=a 
CD=d bs 
ADB=l 
Let then the strain at the points of suspension = 7” 
33 # » lowest point D = Ts; 
and the weight of a unit of length = 


Then l=a+— 


Tole 
Wo (8a 
That is to say the difference between the tensions at A and’ 
D is eqral to the weight of a wire of the length C D. 
2. In working owt any other Equations or Calculations 
based on these, it must be considered 
(a). That the working stra at which a wire is erected’ 
bears a certain proportion to its bressing strain, or that be- 
tween the working and breaking strains we allow a certain : 
margin for safety, and that in practice this safety margin is 
75//, or in other words the working strain is } breaking strain. 


74) 
or "| 
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(2) 
<< (6). That the strength of wire of a similar material and 
hon is in proportion to its sectional area, which again varies 
irevtly as its weight per mile (or any other unit of length 
and weight), so that the value wr constant for any size of 


wire of the same quality, but varies with the quality. That 
is, for either, Unannealed Iron wire, Bessemer Steel wire, or 
Cast: Steel wire, it would be higher because the breaking 
strain is higher. 


Hence aimay be termed the “Constant of the Wire,” whilst 
dof zs is the Constant Working Strain at the Insulator. 


3. For the Iron wire we use the Contract Breaking 
Strains, with the minimum ductility allowed, are 


For wire weighing Contract 
per mile Breaking Strain 
Ths. tbs. 
900... te Bees vy BOTS 
750... noe tee ws 2562 
600 ... tae an vs 2050 
450 ... vee on sew: 1587 
800 one aoe we 1025 


4. From which it will be scen that if, for the wire we now. 
havo we caleulate outa Span in yards, the “Constant of Wire” 
5 
or 7 x 1760 = 6013 yards = say 6000 yards or 
18000 feet. 


Whilst the Strain at the points of suspension, that is at the 
Insulators is } of 6000 yards = 1500 yards or 4500 feet, and 
as the Cast Steel Strand we use has 3 times the strength 
of Iron wire its constant breaking strain = 4 of 18000 yards. 
== 4500 yards. 


5. It is well known that for ordingry Line wire a dip 
in the proportion of 30 inches to a span of 100 yards is sue- 
cessful, and the following simple equation will show how that 
dip agreos with the above formula of 


Ee hy 
W bd’ 6 


“y ir rietan gee dte: gana gies ee. 





C8 Y 
In spans of under 400 yards it will be seen-on atrial eal- 
culation that the item d may be disregarded, as it is really 
(d boing the weight of a length of wire equal to ‘the dip) 
only q of the weight of 30 inches of wire, in a Span of 100 


yards. 


Honce allowing } breaking strain for the working strain: 
we get 


too Yards . 
1 P1008 
4Ww 30 
8x 36 
a0. * 
(Since a6 of a yard = 30 inches) 
7) 
Then } of 6000 = ere 
or 1500 = 1500 
QD. 


6. To find the dip the wire should have. 
= fe ot 
Pe gata) © 


TF _3@ + 28a 
- Woda 


ax 24d = 3a? + 28 d? 





28d? 24 a= ~— a? 





(4) 
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T a 
d-tp= (: w) ee 
+ Vig 
= as Tr fe 
az 
JS 8p a 
= % 196 
7a 
362. — 21a 
Ae 
14 
3T eS 
a=t(4% - J 72) 
a 


T 
Nore,—In calculating this it must be remembered togpke we the work- 
ing strain of the wire. 


7. To find the strain on an Insulator at an angle. 


ob 


Let, C D and C E be two Telegraph wires. 
?, T the strains on them. 

t resultant strain at C. 

O=angle DC EL. 





B=mgltcD=2 ce 


~~ 





Pst::sin, B: sin. D. 
::sin, B: sin. (180—2 B.) 
:sin, B: sin. 2 B. 
:sin, B : sin. B cos. B. 
1:2 cos. B 
t= 2 Tos. B. 
= 2 Teos. 8 
2 
8. To find the angle included by two wires, the strength 
of the insulator being fixed. ; 
From No. 7 cos. fa xP 


t 
2 Wie $ sa 


9. But in practice | d will be immaterial in respect to the 
other terms of the Equation, and may be disregarded, when 
the simplified Equation will stand 


Oo je en 
8 pO 
7 (sa) 


_4td 


ae 


cos. 


(6) 
SECOND INVESTIGATION. 
Spans with the points of suspension on different levels. 
1. To work out these from the Catenary would be exces 
sively difficult, but (by, as above, ignoring the 3 d) we may 


~ from the Parabola, find the position of a vertical line passing’ 
through the lowest point in the Span, and having got that 
-afterwards get the proper dip from the Catenary equation. 


9. That tho calculations may be clear I must first of all show 
how (if we omit the + fa) the ordinary equation for the Pa- 
rabola will agree with the equation of 


Tea 
Ww 8 
A : 8 
Dp 


3. In the ordinary Parabola equation 


lot p = parameter 
then A C?=p(CD) 
but AC=tAB 
AB’ 
o —— =p (CD 
poe ®) 
or AB=4p(CD) 


4, But (omiting the ) 





T_AB 
WwW 8cD 
T 
or AB=—8 
w' CD) 


then substituting from aboye 
7 
= (8CD)=4p(CD 
wy BCD) =4p( CD) 


T 
8.4 
W. Pp 
T 
= 2. 
Psy 


or the Parameter = 2 the Working Strain of the wire. That 
is to say, if the wire he erected with,75% margin of safety, 
and be supposed to lie in the form of a Parabola, the Para- | 
meter of that Parabola = 2 x 1500 = 3000 yards 

5. With this preface we now come to the equation for 
Spans with points of support at different levels. 


























Tot ABz=er 
RO=Hy 
BD=d 
BE=a 


AC=la=44 y 
Pp = parameter 


= (see above) 2 Constant. 
Then in the Parabola .t DF 


AB*=p(BD) 
=pd 
or wopd a. 23 oe 


BO =p(DE) ~ 


or y=patd a we Q} 
—P@+D_at+d_, 4 
t= ae amare oe =l +G ww QB) 
but yrl—a 
Hence, from (3) 


a a) _ 7 
a? ear 





1 yee aieety 2 
ad 
an? 

a 
and substituting, from (1), pd for a? 
apd 

= 


-2e= 


—~2lem— 


=ap 
Qla=l?—ap 
_U—ap I 
~ Oh on a 
ot  pd 
yo p@td) 
but aml—y 
B—-Qyty? _ d 
Pp Taad 


Again 





Substituting —p (a + d) for y? 
L-2lyt+prd= pr O(-2y i= pa - 


12 Qly-spad—pa—pa 
Qly—-Vuape 
Qly=lV+ pe 


U+pe = aw 
y= a1 - 


@ary 


6. These two equations give us the lengths A Band BC 
or the point B. 

7. We must then double BC or E F to get the point G 
the end of an imaginary Span with both points of suspension 
at the same level. 

8. Then from the Catenary Equation for the dip (see No. 6 

- of first section. 


= pg 
pee! ( 3h WAT ek ) 
~T Ww 2 


9. But DE=d+a 
and.as @ is known we get d. 
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THIRD INVESTIGATION. 
Back Spans, or Balancing Spans. 


1. After the considerations for the Main Span come those 
for the Spans immediately behind it, which must be so 
designed that () tho wire must rest naturally on the Mast 
without any strain on the Insulator in either direction, (except 
that which is duc to the difference of wind pressure on the 
different lengths of wire) and on the post next the Mast with 
no greater strain than the Insulator can well bear, (JZ) the 
wire must lie on the latter by its own weight and not he 
dragged down to it, and (£1) by gradually altering the sizo 
of the wire used, tho strain, if too much for any one Insu- 
lator may be divided amongst several. 


9. For the first and second we must consider how the 
wire is to run free over the Masts of the Span, and then to 
fall naturally on to what is commonly called the “Terminal 
Post.” This name of “ Terminal Post” being very familiar 
it has been adhered to, but it must be understood that this post 
does not terminate all the arrangements for balancing the strain 
on the Span, for these arrangements may have to run back for 
some distance. 


3, As there must bo no strain on the Insulator on tho 
Span Mast, the tension of the Span wiro due to its weight 
and the dip at which it is erected, must be balanced by an 
exactly equal tension behind the Mast. 


4. If the wire in the Span between the Mast and tho “ Tor- 
minal Post” or the “ First Back Span,” were the same sizo 
as the Span wire and at an equal tension, it would nece! 
have the samo dip, which could only be arranged by making 
the (so called) “Terminal Post” very high. Indeed, sup- 
posing the distance of the “Terminal Post” from the Mast 
were = 4 the span, then the height of the “Terminal Post” 
would bo the height of the Mast less the dip of the Span, 
and altogether we should get impracticable requirements to 
carry out. 





5. The dip of the wire however varies, coleris_ paribus, 
directly as its weight, so by varying the length and weight 
of wire in the “Hirst Back Span” we can by it so balance 
the “Main Span” wive that there shall be no strain on tho 
Span Masi Insulator. 

6. The following equation gives all the factors of the 
« Pirst Back Span” and from it we can vary either 


(1). The distance of the “Terminal Post” from the Mast. 
FOX Mth tentedsd anf the “&Tarminal Post’? 





(3). Tho size of wire. 


> 


Lt 
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Let 2 = length of Main Span in yards. 
D = dip of Main Span in feet. 
# = length of Back Span in yards. 
d= dip 35 » feet. 
=also tho difference in height between the Main 
Span Mast and “Terminal Post.” 
n == the proportion of weight per mile in Back Span wire 
to weight per mile of Main Span wire, that is if 
W= weight per mile in Back Span and w the 
weight per mile in Main Span then n = we 
4 w 


a= the proportion of dip in feet at which the main 
Span wire is caleulated, thus if the dip of the 
main Span wire be 10" per 100 yards, then 


as s or if it be erected at 1 foot per 100 yards 
2 


- then a= = = 1 


12 
Now P2100 :: Dia 
pp — G0) D 


But 





(2) 
(Substituting value of ? given above) 
_ (1002) Ded 
QeP aX aD 


— (1008) 4 


an 


rt ra 
2 e100 of auinte =50 a 


2, Agall our wire is mado in multiples of a unit’ weight 
per mile, every size bears a simple proportion to any other 
size; and, as it is easy to twist up either a 8 Strand or a 7 
Strand rope of any size wire, the variation of weight, when 
we know the proportion we want, becomes a very easy matter. 


8. In practice however for all Spans that require Steel wire 
wo generally use 450 tbs. Steel Strand, and the most con- 
venient Balancing Span wire is a 3 Strand 450 tbs. per mile 
Tron wire, because being 3 times the weight of the Steel 
wire it will take 8 times the dip, and as Iron wire has a 
“Constant Strength” equal to a weight of 6000 yards of 
itself, whilst the “Constant Strength” of Steel wire equals 
18000 yards of itself, when the 3 Strand 450 tbs. Lron wire 
balances up the 450 Tbs. Steel wire to its proper dip, both will 
be working at the same proportion of their strength, 


Cue) 
FOURTH INVESTIGATION, 


Second Back Spans. 

1. The next point to be considered are the proportions 
the Second Back Span should bear to the “ Balancing Span” 
so that the strain on the Insulator of the (so-called “ Termi- 
nal Post”) may be reduced by another somewhat lesser Strain 
behind, and that the first Strain may be no greater than, the 
Insulator can well bear. ’ 

2. Assuming the posts at each ond of the Second Back 
Span to be equal in height wo want to reduce the Strain 
on the “ Balancing Span.” , 

3. Supposing the Balancing Span to have in it a 3 Strand 
ropo of 450 tbs. Iron wire, the Strain on tho Insulator at a 
working Constant of 1500 yards would be 


1500 

1760 

Then if in the Second Back Span we use 900 ths. wire, the 
Strain on the other side of the Insulator would be 


x 3 x 450 ths. 


1500 
i 760 x 900 ths. 
So that the Resultant Strain on the Insulator becomes 
( : 11500 
+3 HO) ~ 900 }—— 
i 3 & 45 ) 005 1760 
— 1500 
= 450 x 1760 
= 383 2% 


or say 38-4 ths. 


4, We can also reduee the Strain on the (nominal) Ter- 
minal Insulator by varying the dips of the wires somewhat 
as follows wiz. 


Suprosing we give the Main Span Steel wire a dip in 
the proportion of 1 foot per 100 yards, and the “First Back 
Span” (made of Iron wire 3 times the weight of that in the 
Main Span) a dip at the rate of 3 feet per 100 yards, then 
the Strain on the Span side of the Terminal Insulator would be 

1500 


not i760 * 3 x 450 


30. 1500 


a eee Ce. 


14) -t 


&. Hf. the.Line wire be generally 600 Ibs. per mile, then 
.after erecting one Span of 900Ths. wire, if the 600 tbs. wire 
comes into the next Span the resultant Strain to the left at 
post: No. 2 below— : 


3 2 4 
would be 
1500 
(900 — 600) 1760 


6. Tt is to be here noted that, for all ordinary purposes of 
calculation, if wire which has a “ Constant Strength” of 6000 
yards of its own length, be erected at } breaking strain or 
1500 yards, then its working strain at the Insulator which is 
1500 
1760 

1500 5... : . es 
calculated at 1800 °° % of its weight per mile, which is a 
yery simple propertion to remember. 


of its weight per mile may be sufficiently accurately 





ATS) 
. FIFTH INVESTIGATION: 
To find the Wind pressure on a wire in terme of :tta length. 
(1). The wiré being a Cylinder the pressure ig assumed 
to be § of what it would be'on a flat auclaes, pee 


(2). A rod of iron 1 inch in diameter and 1 milo long 
weighs 13833°6 tbs. 


(3). Hence the diameter of any size wire in inches i 
weight per mile in tbs, ; 
13833°6 


(4). Assuming the Wind Pressure per sq. foot to be 
pounds and the total pressure on any length J feet to be £ 
pounds, the pressure on 1 foot of length and d inch diameter 
will be 

2 71 


PX AX yxd 


and for any length of / fect 


1 
P=plx id 


substituting from (3) 
Paplx vA weight per mile in Tbs, 











138336 
Hoy He 
=pix ty _ 
PONTE Tr 73 
— Plog 
= oitde VW wtbs. 


(5). In order to get the eract number of foct of wire in 
a Span we inight work from the first of Professor Leslio’s 
equations given on page 1 which is as follows :— 
where «= Span in yards 
d = dip in yards 
¢= length of curve in yards 
a. 8h 


then f>at a 


6. But since on working this ont for a Steel wire Span 
of 1000 yards we find that 
= 1002136 * 
it is evident that for the flut enrves we use for Stecl wire the - 
extra length due to the curve may he disregarded, and to 
facilitate the calculation we may assume the wind pressure 


{ 1%): 
SIXTH INVESTIGATION. 
Additional Strain on the wire due to Wind Pressure. 


Tn Spans with points of Support on the same Jevol the ad— 
ditional strain on the wire at. each side of the Insulator due 
to Wind Pressure may be calculated on alength of wire 
equal to half the Span. 

g. When the points of Support are at different levels it 
will be safer to take the Wind Pressure on a length of wire 
equal to the distanee between the -higher support and the 
lowest point of the curve that is on Ff B (seo Second Dia- 
gram). 

3. Having found this additional strain duc to Wind Pres- 
gure, on the Span wire in terms of its length we must see 


ghat ibis less than 3 457 OF tho margin of safety’ that is less 


than a weight eqnal to 8375 yards for Steel, and less than a 
weight equal to 1125 yards for Tron wire. 
Tf the additional Strain due to ‘Wind Pressure be found to 


ye moro than $44 We must then inerease the margin of 
safety and make the working Strain at the Insulator less 
, 


than } Ww 


Lica 


SEVENTH INVESTIGATION. 
Lo find the strain on a Stay. 





ad 
Tt has been assumed above that Strains due to the wire ten- 
sion arc balanced at the top of the Mast. There remains then 
(as tho Mast will support the weight of the wire which acts 
vertically) only the Strain due to Wind Pressure, ‘ 
This will be equal to almost, (and may bo assumed to be 
equal to) the half of that bearing on the “ Balancing Span” 
and to half that bearing on the Main Span. Adding these to- 
gether and calling them 7, the Strain on the Stay S, and the 
Angle the Stay makes with the ground @ 
T:8::8in §: Siny 
but as y= 90" 
Tv 
8 
2 
7 cos 9 


So 





EIGHTH INVESTIGATION. 
The point at. which the Strain on an Angle and on a Termi= 
nat Insulator is Equal. 


We have segn above that the Strain-of any wiro (crected 
in the proportion of 30 inches dip per 100 yards) on the 


Insulator is wot its weight per mile. Therefore in completing 
) ‘a 


a series of Back Spans it is evident that it is not advisable 
to terminate a heavy wire on any Insulator, but to relieve its 
Strain by a corresponding or nearly corresponding Strain on 
the other sido of the Insulator, so that only the Resultant of 
two Strains may remains But there aro oceasions when it is 
necessary to make severe angles, and it is as well to know 
when it is better to terminate the wire on an Insulator than. 
to make an angle. : 


For this the following is a very simple proof +— 





Describe 2 Hexagon in a Circle. Draw any radii CA, CP, 
CE, CB. Tet C represent an Insulator, and let BEDE 
represent a parallelogram’ of forces, of which B Cand CP 
are the two equal Strains produced by 2 wires on C, and C #7 
the Resultant Strain. 


Now the angle A & D==angle D C F= angle FC PB. 


Hence the angle B CD is 120°. But CF the Resultant of 
the Strains B C ant C D is equal to cither. 


That is to say ’ 
The Resultant Strain of 2 wires on an Insulator at an 


angle is greater or less than the Strain of a single wire termi- 
TE Wes COR CEORA PR | can SOME: rte LCC OO-TREee eR MAR ARNOEY TEATS Oks) Mgnt 


20; 


ABSTRACT. 


J. Constant Strength of Tron Wire = 6000 yds. of itself.* 


IL 


# 


» Steel , =1sdtO , 


8 ” 


TIE. With a dip in the proportion of 


80" per 100 yds, Span the 
Constant Working Strain of 
any Wire at the Insulator= 1500 ,, , * 


or approatimately = 2 of its weight per mile* 
‘pp A giet } 


1V. Tho Strain varies dircetly in proportion to the dip. 


V. With the points of support at same level. 


Let Span =: « 
Dips 
Length of Curve : =/ 
Strain at Insulator =7 
Strain at lowest point of curve = 7? 
Weight of a unit of wire = YW 
8d? 
Phen l=u+ as 
arth 
( a? t ) 
= + od 
; (8b 6 5 V 
7 =i . os va) W 
isd G4 
4 le dit fal 
Wo (38 ta) 





== Workipg Strain of wire. 


W 





are only for the dadian Wire Spovificatiuns of 1872, 





20°45 
“VI. With points of support.at uneven levels. ° 
Let the horizontal dis- 
tance from the lowest 


point of the curve to - 
the lower support. 


Ditto to the higher) __ 

support =9 
Difference in hight be- =o 

tween the supports. f 





Parameter =p=2 the Working Strain of 
the wire. 
Pap 
Eid aL 
,—Ptap 
vaeaaet 1 i 


VIL. To find the factors of Back Span. 


Let Length of Main Span in yards =1 
» » » Boek , , , = o 
» dip of Back Span in feet = d 


of Back Span wire to that of 
Main Span wire 


» the proportion of dip in sont 
a 


» proportion of weight por stat} 
R 


per 100 yds. at which the main 
span wire is calculated 


Then : 
=f 2 
en 
VIL. Let the Wind pressure per square foot = p Tbs. 
» the weight of wire per mile = w Ibs. 
» the length of curve =t feet. 
The total wind pressure on any ) __ es 
length ¢ feet - J 21i7- TiaV as 


TX. To find the Strain on a Stay. 
Let the Strain at the Insulator = 7 


Let the angle the Stay a 8 
with the ground. = 





The Strain on the Stay one 





_ “APPENDIX “A. 
Approximate proof of Leslie's equation by Bajor JEokfards. 


os 

















Let A B he the chord of any Span a let A 0 D B be the 
eurve in which the Span hangs. 


Let C D the dip=2 


This Curve is a Catenary but the following proof is inde- 
pendent of the kind of curve. 


Take A D, the half curve, as a figure to be considered by 

. itself’ and consider it as a rigid scetion, This figure will be 

kept at rest hy 3 forces viz. the tension Z, acting at A, 

the tension 7 acting at D, and its weight (or the weight of 
A 0 DP) acting vertically at 0 the centre of gravity. 


Now the lines representing these 3 forces if continued will 
pass through the one common point 2°; and as their directions 
aro each paralicl to the sides of the traingle A ZF the 
magnitudes of the forees will be proportional to the sides 
of that traingle. 

That is 

Ih: W::AR: EF 

Now ina very flat enrve A #7 will be very nearly but not 
quite equal to § A C but will he very slightly less, the point 
O (the centre of gravity) being always nearer to A than to C. 


AB sp 
Assuming it to be equal, A 7? will equal are 





“4 4 
and FE F will equal € D= dip = d. 
Hence ; 
T,: Wiha a. 
Then 
= Ww 
. 4d 


But, in a very flat curve W, the weight of the curve A OD 
will he very aliohtly in excess of the weictht-of A Corkhaw 


ie} Ta. 


eR) 





fiasumption®: may balanced” the former assumption that A-O'= - 
fa, we got 
The tension at D = 7; are : 
tension 4 — = = 2 ee 
he tension a 2 PX gx |X w= aye. 
Po eo 
wo Bd 
Whilst the oe at the top of the eurve 
:W:: APF: EF 


Sutin the tris nae A RF if we continue to assume A O= OD 
= Ah =} span 


AF= VAR EEE 


-or 





“+ 


zoe ft + we 1 
7 ear Tisas 


= } op es 


TW Sea ee" 
=a Ve +416 ; 
= ee 
; 





Thence 


or Ty 


Then substituting } av for W 7 
Yer led 


we get Ti = 4X baw x ~~ 
a Vey lid 
=e an aes 
*%% a 
Rut > ore: 8 
Viet ib 
4 RP 
yy a a 
Therefore Tt: =" x it 
ny fal ad 





Tt is to be noticed that these proofs are within a fraction 
of Professor Loslie’s formula which are. 
4 . e 7 
The tension at the points of suspension = . j + 5% 
ub 


2 1 
and at the boitem of th curve = aes ad 
sd 6 











-APPENDIX BY 
“Inpran Tetecrarn Wine Tusrs.- 
As the whole of the equations about Spans depend on the 
quality of the’Wire used, this opportunity is taken of pub- 


lishing the table of tests to which the special Iron Wire, now 
made for the Indian Telegraphs, is subjected when purchased. 


2, The tests for Steel Wire differ slightly in detail but the 
Tensile strength of the special Steel Wire for Spans’ is 8 
times-that of Iron Wire of the samo size. 

3. The sizes aro calculated as follows viz. _ 


The weight of a Rod 1 foot 
long and 1 inch diameter = 962 Ibs. 


The weight of a Rod 1 mile 
long and 1 inch diameter — = 18833°6 tbs. 


The weight of a Rod 1 mile : 
long and any diameter = DP x 13833°6 Ibs. 


_ w 
Hence Daf ining 


4, The number of Twists in a given length are ealeulated 
as follows — 





Let WV = the weight of the Standard size, 
N= the number of twists in the standard size. 
w= the weight of any other required sizo, 


woe the number of twists there should be in 
any required size. 


Then 


a=N Ws 


w 


5. The Tests for tensile strength are made by the direct 
applianee of weivht vertically. Mo hydraulie machine or 
lever is used. The wire has at firs. to lift a weight equal at 
Jou to Gth of the minimum tensils strength entered in the 
table for the size ander trial, and ihe remaining tenth has to 
be added gradually, hy convenient ordinary weiglits of not 
less than {th of the remainder, or 2;th of the minimum ten- 
sile streongih., No less weight than ,}yth of the minimum is 
reckoucd. 








8 Tests for ducti 6 ride a¥‘follows :—Tha pitied 6 
“wire is gripped by’ two vices, and ‘twisted. Tho twists ar 
rockoned by means of an ink spiral formed on tho wire during 
torsion. The fall number of twists must be distinetly visible 
between the vices, no fractions being reckoned. Tn. sizes 
above 150 ths, per mile the vices will bo six inches apart, but 
in those of 150 tbs. or less they miy be three inches apart, 
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